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Abstract
Major differences between water utility rates between regions or even in neighboring
cities are found across the United States. These differences are influenced by several
factors such as water demand, water system design and water cost. Moreover, system
configuration, financial health and management efficiency of water utilities are also
expected to play a role in rate settings.
To examine these influences, rate information from twenty-three utilities serving major
US metropolitan areas was collected and a basis of comparison was developed. Various
indicators were then applied to evaluate the impacts of different variables upon rates
charged. These indicators were analyzed and used to discuss the characteristics of utilities
that have different rate levels.
The findings suggest that utilities with comparable rate levels share some characteristics.
Utilities that have high rates seem to rely more on leverage and have limited contributed
capital. They also appear to have higher expenses and strong capital programs underway.
Several utilities with lower rates use groundwater as a source, but no evident association
between rates and any single factor emerged. Not surprisingly, the rates charged appear
to be the product of a variety influences.
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Title: Associate Professor of Civil and Environmental Engineering
Acknowledgements
I would like to express my appreciation to everyone that has provided me with guidance,
encouragement, and support. In particular, I would like to thank:
Michael Garvin, for his patience and assistance. He provided me with many useful
information and resources. He never complained about reading my drafts again and
again. He never hesitated to offer me help and recommendations on my thesis. His
support has brought this thesis to where it is now, and its completion would not have
been possible without his help.
Professor John B. Miller, my thesis supervisor, for his guidance and helpful advice, and
his patience as well as good sense of humor. I am especially grateful for his quick
responses and feedbacks to my drafts even with his hectic schedule.
Dr. Eric Adams, for his effort in making the year in the M.Eng. program a valuable
learning experiences.
Narongsak Thitithanyanont and Priscilla Lee, my project partners, for their contribution
and cooperation to the project, and the good experience we shared throughout the year.
Virat Chatdarong, Warit Duringdej, Wesley Yatlun Choi, William Cheung, Anthony Wai
Kei Yim, Tseluen Lee, and Paisarn Sonthikorn, for giving help when I had problems.
And most importantly, my parents who always provide me with love, support and
encouragement.
3
Table of Contents
A b stract ...................................................................................................................... 2
Acknowledgements ................................................................................................. 3
Table of Contents ................................................................................................... 4
List of Tables....................................................................................................... 5
List of Figures ...................................................................................................... 6
1. Introduction ....................................................................................................... 7
2. Determination of Revenue Requirements ....................................................... 9
2.1 Dynamics of the Regulatory Process ................................................... 9
2.2 Revenue Requirements M ethodologies................................................. 12
2.3 Rate Design and Rate Structures.......................................................... 13
3. M ethodology ..................................................................................................... 18
4. Water Rates in Different Areas - Why Is Water in South Atlantic
Area Cheaper? ............................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21
4.1 Review of System Configuration in South Atlantic............................. 22
4.2 Review of Management and Financial Indicators in South Atlantic ....... 23
5. Analysis of Water Utilities Using Surface Water as Source Water .................. 26
5.1 Review of System Configuration of Utilities Using Surface Water ........ 26
5.2 Review of Management and Financial Indicators of Utilities Using
Surface W ater........................................................................................ 27
5.2.1 Debt to Equity Ratio............................................................. 28
5.2.2 Capital Effort Index............................................................... 30
5.2.3 Percent Contributed Capital ................................................. 31
5.2.4 Percent Retained Earnings ................................................... 32
5.2.5 Percent Non-Operating Expenses.......................................... 33
5.2.6 Total Operating Expenses/Total Operating Revenues ......... 33
6 . S u m m ary .............................................................................................................. 36
Bibliography...................................................................................................... 38
4
List of Tables
Table 3.1 Water utilities that are used as candidates in performing rate
analysis together with cities and states for which they provide
w ater services ....................................................................................... 19
Table 3.2 Utility Candidates with their Average Monthly Water Charges
per H ousehold ..................................................................................... 20
Table 4.1 Utilities listed by regions and divisions with their Monthly Water
Charges per Household and Average Monthly Water Charges per
Household within each division .......................................................... 21
Table 5.1 Utilities that use surface water as their source together with their
Average Monthly Water Charges per Household, Treatment
Process used and Water Source Location ............................................ 27
Table 5.2 Six highest rate utilities together with factors that are expected to
have significant effect on water rates................................................... 29
5
List of Figures
Figure 2.1 The circularity of water system design, cost, price and demand......... 10
Figure 4.1 Average Total Operating Expenses/Average Daily Demand of
South Atlantic Division and the average value ..................................... 24
Figure 4.2 Average Return on Equity of South Atlantic Division and the
average value........................................................................................ 24
Figure 4.3 Average Debt to Equity Ratio of South Atlantic Division and the
average value........................................................................................ 25
Figure 4.4 Average %Non-Operating Expenses of South Atlantic Division
and the average value............................................................................ 25
Figure 5.1 Average Debts to Equity Ratio of the Six Highest Rate Utilities
and Other Surface W ater Utilities ....................................................... 30
Figure 5.2 Average Capital Effort Index of the Six Highest Rate Utilities
and Other Surface W ater Utilities ....................................................... 30
Figure 5.3 Average %Contributed Capital of the Six Highest Rate Utilities
and Other Surface W ater Utilities ........................................................ 33
Figure 5.4 Average %Retained Earnings of the Six Highest Rate Utilities
and Other Surface W ater Utilities ....................................................... 33
Figure 5.5 Average %Non-Operating Expenses of the Six Highest Rate
Utilities and Other Surface Water Utilities .......................................... 34
Figure 5.6 Average Total Operating Expenses/Total Operating revenues of
the Six Highest Rate Utilities and Other Surface Water Utilities ...... 34
6
1. Introduction
According to UNL Water Center, 2000,
"Municipal water rates vary widely across the United States and residents
of Lincoln can feel fortunate in paying a considerably lower rate than
many residents in Pennsylvania, West Virginia, New Hampshire and
Vermont. Residents of those states pay more than three times the price for
their water than people in Arkansas, Michigan and Tennessee, for
example. " <http://watercenter.unl.edu/apr00/water.html>
From the water price survey in 1999, major differences in water rates between
regions in the United States were found (UNL Water Center, 2000). Surprisingly, the
survey also found significant variation in rates even in neighboring cities. It has been
controversial whether water, which is known as a commodity, should have high variation
in price.
During the past decade, the price of water has increased dramatically. Generally
this has been due to general inflation, higher capital costs, and more stringent
environmental regulations. In addition, the difference between rates among utilities has
increased (Russell and Woodcock, 1992). The gap between the lowest rates and highest
rates gets larger. This difference seems to be influenced by several factors. For example,
different population growth rates in each area affect average daily water demand, leading
to expansion of capital facilities. The facilities age of each utility is different. The source
of water and the treatment process used determines different flexibility and sensitivity to
regulatory changes. Therefore, a different amount of money will need to be raised.
Finally, these factors lead to the matter of how well each firm is doing with their
management and financial systems. Rates design and structure is used as a tool in
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recovering costs and producing sufficient revenues to cover the company's financial
obligations.
The difference in the system configuration as well as the management and
financial systems of water providers is expected to have influences on the discrepancies
between rates. For these influences to be observed, rates information from some water
utilities serving major US metropolitan areas will be collected. A basis of comparison
will then be developed. Once a basis of comparison is complete, indicators will be
applied to assess the impacts of different factors upon water rates. Finally, these
indicators will be analyzed and used to discuss the characteristics of utilities that have
different rate levels.
As the role of rates is to generate revenues for water service providers, this
research will begin by discussing how revenue requirements are determined. Then, rate
structures and issues that influence each alternative will be described before the analysis
is presented.
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2. Determination of Revenue Requirements
In regulation of state public utility, rising utility costs lead to rising revenue
requirements. From the revenue requirements perspective, regulators can assess the
effects of alternative ratemaking mechanisms on water utilities and their customers. This
section presents a conceptual framework for the regulatory process and the dynamic
relationships at work to determine revenue requirements.
2.1 Dynamics of the Regulatory Process
Traditionally, many public utilities set their rates by equating it to a previously
observed unit (or average) cost. This has created a cyclical pattern of relationships. This
cyclical pattern involves changes in water demand, which induce changes in system
capacity design, leading to changes in costs and then, changes in prices, which cause
further changes in demand, and so on. However, this conceptual framework does not
constitute a closed system of relationships. Many additional factors affect and make this
cycle more complicate at various points.
Variables such as operating costs, capacity costs, method of rate-base valuation,
and permitted or allowed rate of return seem to have a lot of influences on the average
price or rate level of water. In some specific cases, other variables appear to have
substantial influence on the rate level. In addition, the rate structure is influenced by the
authorized rate level, the price elasticities of the various demands for water service, and
the costs of providing those services. Via price elasticity of demand, the quantity
demanded of water service is influenced by both the rate level and the rate structure.
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Figure 2.1 The circularity of water system design, cost, price and demand
Source: Beecher, Mann and Stanford. Meeting Water Utility Revenue
Requirements: Financing and Ratemaking Alternatives. The National Regulatory
Research Institute, Columbus, Ohio, 1993, 60
System capacity requirements are influenced by the level and timing of usage. For
example, treatment facilities are generally designed to meet maximum-day demand while
distribution plants are designed to meet maximum-hour demand plus fire-protection
flows.
Operating Costs and Capacity Costs, which are the two important cost
components, are influenced by usage or output. The linkage of water system costs and
output is not simple. For example, the unit-cost implications of increasing service by
expanding system capacity differ from the unit-cost implications of increasing service
within the constraint of existing capacity. The behavior of unit costs varies with the water
system component. Diseconomies of scale in water distribution may offset economies of
scale in water treatment.
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In addition, the behavior of unit costs also tends to vary with the source of output
expansion. An increase in per-capita usage has a different impact on unit costs than does
either an expansion in the system service area or an increase in consumer density. In
sum, different cost outcomes can occur, varying with the time horizon, water system
component, and the nature of the demand change. The quality of water service can be
influenced by many variables, including rate levels, quantity demanded relative to system
capacity, and supply sources as well as the efficiency of the management teams. In turn,
the water quality attribute affects both water utility costs and rates. The numerous
linkages among these variables have made it difficult for water utilities to establish rate
levels and rate structures.
In an economic regulatory context, pricing for water utilities involves determining
revenue requirements, capital financing, cost allocation, and tariff design. Most water
utilities are guided in these endeavors by certain basic principles. A sampling of these
principles appears in the policy statement of the American Water Works Association
(AWWA):
- Every water utility should receive sufficient revenues from water
service and user charges to enable it to finance all operating and
maintenance expenses and all capital costs.
- Water utilities should maintain their funds in separate accounts.
Such funds should not be diverted to uses unrelated to water
utilities. Reasonable payment in lieu of taxes or for services
rendered may be considered after taking into account the
contribution for fire protection and other services furnished by
the utility.
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- Water rate schedules should distribute the cost of water service
equitably among all classes of customers, to the customers within
a class, and for each type of service. (cited in Beecher et al.,
1993)
2.2 Revenue Requirements Methodologies
To determine utility revenue requirements, an examination of aggregate annual
costs, including operating and capital costs, needs to be done. This determination of the
aggregate annual required revenues thus involves the prudent investment standard and the
least-cost principle. Financing capital or capacity expenditures involves an examination
of alternative funding mechanisms. This selection of the funding mechanism impacts
revenue requirements and also involves the prudent investment standard and the least-
cost principle.
Cost allocation assigns the required aggregate revenues across customers and
involves the principles of cost causation, cost traceability, cost avoidability, and cost
variability. The purpose of analyzing costs is to provide a basis for rates. Thus, the
selection of rate design and related charges uses the cost allocation outcome as a
benchmark and involves the standard of cost causation, as well as such criteria as equity,
affordability, stability, and consumer understanding.
Most of water utilities that provide water service for people in metropolitan areas
are publicly owned. The basic revenue requirement formula for water utilities that are
public owned is:
R = 0 + T + D + C.
where:
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R = revenue requirements,
0 = operation and maintenance expenses,
T = tax equivalents
D = debt service payments (interest charges and principal), and
C = capital expenditures not financed by debt. (Beecher et al., 1993)
Revenue requirements are generally expressed in terms of a test year or, generally
speaking, the relevant financial data are expressed on an annualized basis. The test year
can be either historical, current, or future. A historical test year is defined as a prior
twelve-month period for which actual utility cost data are available. A current test year is
defined as a twelve-month period that includes both historical and projected utility cost
data. A future test year is defined as a twelve-month period commencing after the rate
changes are to be effective.
The concept of a future test year can be expanded to a longer, forward-looking
rate period. This approach would involve the projections of developing revenue
requirement for the period for which the new rates are to be effective. In this approach,
historical or actual cost data would provide the basis for projecting future revenue
requirements. This approach merges revenue requirement determination into financial
planning. The financial planning exercise can either be short-term (for example, one to
three years) or long-term (for example, three to five years) (Beecher et al., 1993).
2.3 Rate Structures
Rates should reflect the total cost of service since they send an economic signal to
ratepayers. Proper pricing of water service in some circumstances may help postpone or
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reduce the need for water system expansion. In this instance, rates are a financial tool as
their role is to determine consumption levels and hence capacity needs.
Rate structures refer to the type or form of the rate schedule and determine whom
the costs will be collected from as well as how they will be collected. Rate structures are
generally classified into four categories: flat fee, declining-block, uniform, and
increasing-block. A flat fee is a fixed charge, regardless of how much water is consumed.
With a declining-block rate, charges per unit of consumption ($/100 cubic feet or $/1000
gallons) decrease as consumption levels increase. It provides a means of recovering costs
from the customer classes (which are determined by land use and/or the peak flow rates)
under a single rate schedule, recognizing the different water demands and costs
associated with each customer class. Under this rate schedule, economies of scale are
recognized, since the price per unit declines as the water customer consumes more water.
A uniform rate is a constant charge per unit of consumption. It usually provides
separate rates for each customer class based on the demand, use, and other characteristics
of the customer class.
An increasing-block rate incorporates a unit charge that increases with increasing
consumption. This kind of rate structure requires a multiple blocking structure with the
rate per unit of consumption increasing with each successive step.
Historically, water service was charged based on a flat fee per customer for
unmetered accounts and on a declining-block rate structure for metered accounts.
Nowadays, almost all major purveyors meter customer consumption and charge related to
the amount of water consumed. In addition, the use of declining-block rates has vanished.
More and more water utilities change their rate structures to uniform rates and increasing-
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block rates. Furthermore, rate structures tend to be more complex, including seasonal
rates, separate customer classes, demand and service charges, lifeline rates or assistance
program for low-income customers, and impact fees.
There are many issues that influence the alternative of water rate structures. One
is the increased emphasis on water conservation. This is not only because of the
regulatory requirements of Safe Drinking Water Act (SDWA), but also because of the
increasing costliness of developing new supplies that drive the cost of water up. As
additional water is needed, utilities must look to more remote locations with substantial
development or transmission costs. They may also have to consider supplies of poorer
quality that will require expensive treatment. Because consumers do not want to pay the
higher costs for new supplies, this encourages some water service providers to make do
with what they have.
This leads to another issue, increased consumer activism. Generally, when water's
cost was relatively inexpensive, customers did not care what rate structures were used.
However, as the cost of water service increases, customers are becoming more involved
as they want to know why rates are structured one way or another. This leads to the
consideration of nontraditional factors such as social welfare concerns. Members of water
boards and city councils that adopt rates must respond to the public, or they will be voted
out of office and replaced by board members who will respond to these concerns. In
addition, there is a tendency for lower-income customers to be less able to afford water
services as rates increase.
The other issue that influences rate structures is perceptions within the financial
community of the creditworthiness of water utilities. As new construction is needed,
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utilities will have to borrow money. Rather than use the credit capacity of a city or
county, utilities tend to use more revenue bonds, which are borrowings supported only by
rate revenues and not by the taxing power of the community. To be able to borrow money
at favorable interest rates, utilities may need to provide assurances that revenues will
continue to be adequate to support the new debt. Concern has already been evident on
Wall Street that water rates may be reaching a point at which they are becoming
unaffordable. The concern is that some ratepayers will probably stop paying their bills
when this point is reached. Consequently, revenues will drop off and bondholders may
not be paid on time. That point may not have been reached yet, but it may be
approaching. To address this concern, water utilities may need to develop new rate
structures that provide a more stable form of revenue. In the light of these issues, several
changes in water rate structures are likely to occur.
In order to reduce overall consumption and lessen peak-season demands,
increasing-block rates and seasonal rates have been used more and more, while there is a
clear trend away from declining-block rates. The declining-block rates are even outlawed
in Massachusetts.
The increase in consumer activism may cause decisions on rate structures to be
more political. City councils, mayors, and commissioners will respond more to their
constituents in deciding what type of rate structure is to be used. As a reaction to
constituents' concerns about the cost of expansion projects, it is expected that greater use
will be made of impact or development fees to pay for system expansion. These charges
keep rates to existing voters down and affect only people who do not vote.
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In addition, more low-income assistance programs have been initiated to meet
social welfare concerns. Lifeline rates, which include discounted or lower-than-cost
charges for an initial block of use large enough to cover the minimum health and sanitary
requirements of an average residential household, tend to be used more and more.
However, these rate structures will be adopted far less quickly than conservation rates.
Many utilities have already rejected taking on a welfare role to meet social goals, and this
resistance will probably continue. However, as more and more utilities begin to address
the concerns of low-income customers, it will be harder for holdouts to resist.
To guarantee income stability that supports their debt repayment, utilities will
increasingly use fixed charges to help recover fixed costs. Service charges with no water
allowances are replacing minimum charges with "free" allowances. Many people view
"Free" water as encouraging water use, which is contrary to conservation goals. As
customers become accustomed to fixed charges, their prevalence can be expected to
increase (Russell & Woodcock, 1992).
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3. Methodology
To help understand the discrepancies between rates, the differences between
utilities will be analyzed. A number of indicators have been constructed to suggest
particular information about water providers focusing upon system configuration and
management systems as well as financial systems.
Either comparison to specific competitors or industry wide norms or standards
must be taken into account in interpretation of these indicators. By itself, an indicator
cannot give us proper perspective. Moreover, some indicators will be evaluated against
other indicators to clarify whether they suggest a positive or negative performance.
Twenty-three water utilities are selected as candidates in performing rate analysis.
Almost all of the information is drawn from the companies' web pages although some
other contacts have been made for more information. The criteria for selecting these
utilities are that they must serve residents in Top 50 Metropolitan Population Centers in
the United States (US Census Bureau, 1999). Moreover, the data provided must be
enough to get relevant indicators and uncovered the reasons for the differences between
each utility's rates. Those utilities, and the cities and states for which they provide water
service are listed in Table 3.1.
In comparison of their water rates, the average monthly water charges per
household are used as a basis of comparison. The following assumptions have also been
made:
1. Every household uses the same amount of water per day, 350 gallons (AWWA,
1999).
2. There are 30 days in a month.
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3. The amount of water used by each household is constant throughout the year.
4. Size of a water meter is 5/8 inches (AWWA, 1999).
5. Water Billing Cycle is on a monthly basis.
6. All of the rates used are for inside city residential customers and are effective as
of January 1, 2001.
Table3.1 Water utilities that are used as candidates in performing rate
analysis together with the city and state for which they provide
water services.
No. Name of Utility City State
Austin Water and Wastewater Utility
Boston Water and Sewer Commission
Cleveland Division of Water
Columbus Division of Water
Denver Water
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Houston Public Utility Division
JEA (originally Jacksonville Electric Authority)
Kansas City Water Services Department
Los Angeles Department of Water and Power
Memphis Light, Gas and Water
Metro Water Services
Minneapolis Water Works
New York City Water and Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Austin
Boston
Cleveland
Columbus
Denver
Washington DC
Oakland
Houston
Jacksonville
Kansas City
Los Angeles
Memphis
Nashville
Minneapolis
New York
Orlando
Philadelphia
Portland
Providence
Seattle
Tacoma
Tampa
Hartford
Texas
Massachusetts
Ohio
Ohio
Colorado
California
Texas
Florida
Missouri
California
Tennessee
Tennessee
Minnesota
New York
Florida
Pennsylvania
Oregon
Rhode Island
Washington
Washington
Florida
Connecticut
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
Table 3.2 Utility Candidates with their Average Monthly
Water Charges per Household
Monthly Water
Charges
No. Name of Utility ($/household)
1 Austin Water and Wastewater Utility 21.70
2 Boston Water and Sewer Commission 28.05
3 Cleveland Division of Water 14.20
4 Columbus Division of Water 30.85
5 Denver Water 24.03
6 District of Columbia Water & Sewer Authority 22.17
7 East Bay Municipal Utility District 28.58
8 Houston Public Utility Division 32.27
9 JEA 16.60
10 Kansas City Water Services Department 30.07
11 Los Angeles Department of Water and Power 26.84
12 Memphis Light, Gas and Water 16.47
13 Metro Water Services 26.96
14 Minneapolis Water Works 25.47
15 New York City Water and Sewer System 18.43
16 Orlando Utilities Commission 14.93
17 Philadelphia Water Department 19.80
18 Portland Bureau of Water Works 23.65
19 Providence Water 28.71
20 Seattle Public Utilities 34.47
21 Tacoma Public Utilities 16.98
22 Tampa Water Department 14.63
23 The Metropolitan District 27.17
From the rates information collected, together with these assumptions, the average
monthly water charges per household have been calculated. As seen in Table 3.2, there is
a wide range of monthly charges from a low of $14.20 to a high $34.47. The sample
average is $23.72 with standard deviation of $6.29.
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4. Water Rates in Different Areas - Why is Water in South
Atlantic Area Cheaper?
To see whether there is any trend of water rates in different areas, utilities are
grouped together based on their Region and Division. Average monthly water charges in
each division are also calculated.
Table 4.1 Utilities listed by regions and divisions with their Monthly Water Charges per
Household and Average Monthly Charges per Household within each division
Monthly Water Average Monthly
Charges Water Charges within
Region Division Name of Utility ($/household) division ($/household)
Midwest East North Central Cleveland Division of Water 14.20 22.53
Columbus Division of Water 30.85
West North Central Minneapolis Water Works 25.47 25.47
Northeast Middle Atlantic New York City Water and Sewer System 18.43 20.13
Philadelphia Water Department 19.80
District of Columbia Water & Sewer Authority 22.17
New England Boston Water and Sewer Commission 28.05 27.98
The Metropolitan District 27.17
Providence Water 28.71
South East South Central Memphis Light, Gas and Water 16.47 24.50
Metro Water Services 26.96
Kansas City Water Services Department 30.07
South Atlantic JEA 16.60 15.39
Orlando Utilities Commission 14.93
Tampa Water Department 14.63
West South Central Austin Water and Wastewater Utility 21.70 26.99
Houston Public Utility Division 32.27
West Mountain Denver Water 24.03 24.03
Pacific Portland Bureau of Water Works 23.65 26.10
Seattle Public Utilities 34.47
Tacoma Public Utilities 16.98
Los Angeles Department of Water and Power 26.84
East Bay Municipal Utility District 28.58
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Table 4.1 shows that most of the monthly water charges per household are higher
than $20 per month. However, the water charges in South Atlantic ($15) seem to be far
lower than the majority's. Also, there is great variation among different divisions within
the same region such as Mid Atlantic ($20) and New England ($28) in the Northeast
region and East South Central ($25), South Atlantic ($15) and West South Central ($27)
in the South region. Furthermore, even in the same division people pay differently for
their water. For example, Cleveland Division of Water ($14) and Columbus Division of
Water ($31) in East North Central, Memphis Light, Gas and Water ($16), Metro Water
Services ($27) and Kansas City Water Services Department ($33) in East South Central,
Austin Water and Wastewater Utility ($22) and Houston Public Utility Division ($32) in
West South Central as well as many cities in Pacific division.
According to monthly water charges calculated, there are five utilities that are
considered to have very low rates or have water charges lower than a 0.2 percentile of the
samples or $16.5/month. Surprisingly, three of them are in South Atlantic while the other
two are Cleveland Division of Water in East North Central and Memphis Light, Gas and
Water in East South Central division.
4.1 Review of System Configuration in South Atlantic
We start by looking at the type of water source used in the South Atlantic division
whether it is groundwater, surface water or purchased water. Interestingly, all the utilities
in this region use groundwater. JEA and Orlando Utilities Commission solely use
groundwater while Tampa Water Department has part of its water source as groundwater.
When taking into account utilities in other areas whose rates are lower than a 0.2
percentile--Cleveland Division of Water and Memphis Light, Gas and Water--four out of
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five have used groundwater as part of the whole water source with three of them use only
groundwater.
Type of water source inevitably has an effect on water quality and treatment
processes. Filtration plants that cost much in construction as well as operation and
maintenance, are normally not necessary to produce drinking water from groundwater
sources. None of the utilities in the South Atlantic division have filtration plants, which
apparently impacts rates charged consumers.
Moving to region of water resources of their source water. Utilities in the South
Atlantic division are the only utilities that use water from South Atlantic Gulf region.
Moreover, their consumer base is also in this region and is contiguous to the water
source. Moreover, the other two utilities whose rates are lower than a 0.2 percentile in
other divisions also have their consumer base contiguous with their water sources.
4.2 Review of Management and Financial Indicators in South Atlantic.
Using groundwater, which tends to have good quality and does not need
expensive treatment processes as well as having contiguous water source and consumer
base, water providers in South Atlantic division should have lower cost in operation and
maintenance. Comparison of Total Operating Expenses/Average Daily Demand clearly
shows that they have relatively low ratios, which suggests that they are using less money
in producing the same amount of water.
Another management system indicator that is expected to play a role on water
rates is Return on Equity, which is basically Net Income/Fund Equity. Water providers in
South Atlantic appear to have relatively high Return on Equity or another way; their
management teams are generating more money given the same amount the owners have
23
invested. The findings also show that these utilities tend to have greater solvency and
thus less riskiness to the creditors as they have a lower debt to equity ratio. If bankruptcy
does occur, creditors can share in the firm's assets before the owner can claim any of
their equity. The more equity that the owners have in the firm, the greater the possibility
that the firm's asset will be great enough to protect the claim of all the creditors.
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Figure 4.1 Average Total Operating
Expenses/Average Daily Demand of
South Atlantic Division and the Average
Value
Figure 4.2 Average Return on Equity of
South Atlantic Division and the Average
Value
Looking into their expenses, another common point is that all water providers in
South Atlantic have relatively low Non-Operating Expenses. Because the majority of
Non-Operating Expenses comes from Interest Expense, this finding is consistent with the
fact that they have low debt to equity ratio or borrow less money.
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To sum up, water utilities in South Atlantic division, which provide water service
with comparatively low rates, share some similar characteristics. The majority of their
water source is groundwater. None of these utilities has filtration plants. Their water
source and consumer base are contiguous. All these factors help lower their water
production expenses. It also appears that they have not only less debt and greater
solvency but they also have higher Return on Equity than the average of the samples. In
addition, they encourage water conservation. All of them are using either increasing-
block or uniform rate structures.
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5. Analysis of Utilities Using Surface Water as Source Water
We have seen that utilities that utilize groundwater as a source have many
characteristics in common. This chapter compares and characterizes utilities that are
using surface water as a source by reviewing their system configuration as well as their
management and financial systems.
5.1 Review of System Configuration of Utilities Using Surface Water
The expectation is that utilities that filter their water should charge more for their
water as they have higher construction costs as well as operation and maintenance costs
for their filtration plants. Likewise, utilities that have to collect their source water from
remote areas should generally be faced with higher costs and therefore, may have higher
rates.
Table 5.1 shows eighteen utilities that are using surface water as their source
water, together with the treatment process being used and their water source location.
They are listed from the highest monthly water charges to the lowest. The average of
Monthly Water Charges per Household is $24.70 with a standard deviation of $6. Half of
their water sources are remote while the other half have contiguous water sources. Only
three utilities do not have filtration plants.
Fifteen out of eighteen utilities have filtration as their treatment processes. The
other three utilities have no filtration plant and have their monthly water charges lower
than the average amount. However, no relationship between water source location and
monthly water charges appears. Many utilities that have contiguous water sources charge
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very high prices while some utilities that have remote water sources and charge very low
prices are also found.
Table 5.1 Utilities that use surface water as their source together with their Average
Monthly Charges per Household, Treatment Process used and Water Source Location
Monthly Water
Charges per Type of Treatment Source
Rank Name of Utility Household $ Source Water Process Location
1 Seattle Public Utilities $34.47 S Filtration Remote
2 Houston Public Utility Division $32.27 S Filtration Contiguous
3 Columbus Division of Water $30.85 S Filtration Contiguous
4 Kansas City Water Services Department $30.07 S Filtration Contiguous
5 Providence Water $28.71 S Filtration Remote
6 East Bay Municipal Utility District $28.58 S Filtration Remote
7 Metro Water Services $27.17 S Filtration Remote
8 The Metropolitan District $26.96 S Filtration Contiguous
9 Los Angeles Department of Water and Power $26.84 S Filtration Remote
10 Minneapolis Water Works $25.47 S Filtration Contiguous
11 Denver Water $24.03 S Filtration Remote
12 Portland Bureau of Water Works $23.65 S Non-Filtration Remote
13 Austin Water and Wastewater Utility $21.70 S Filtration Contiguous
14 Philadelphia Water Department $19.80 S Filtration Contiguous
15 New York City Water and Sewer System $18.43 S Non-Filtration Remote
16 Tacoma Public Utilities $16.98 S Non-Filtration Remote
17 Tampa Water Department $14.63 S, G Filtration Contiguous
18 Cleveland Division of Water $14.20 S Filtration Contiguous
5.2 Review of Management and Financial Indicators of Utilities Using
Surface Water
This paper has described the correlation between the types of source water, the
treatment processes used, the location of the water source and water rates. However, from
the analysis of water rates in the South Atlantic division, there seem to be other factors
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that contribute to the discrepancies between rates. Factors that are expected to have an
influence on water rates and will be looked at are as follows:
- Debt to Equity Ratio
" Capital Effort Index (Garvin, 2001)
= Percent of Contributed Capital
" Percent of Retained Earnings
- Percent of Non-Operating Expenses
" Total Operating Expenses/Total Operating Revenues
To determine whether these factors in fact have an impact on water rates, relevant
data of the eighteen utilities are collected. The average of each factor is also determined
and will be used as a benchmark. Then, the six most expensive utilities are investigated.
They, together with the factors, are listed in Table 5.2, sorting from the highest Monthly
Water Charges per Household to the lowest.
5.2.1 Debt to Equity Ratio
This is a Solvency Ratio, which is the primary focus on the firm's riskiness.
Unlike the Liquidity Ratio (i.e., Current Assets/Current Liabilities) that is concerned with
the firm's ability to meet its obligations in the very near future, Solvency Ratios take
more of a long run view. They give an idea whether the firm has overextended itself
through the use of financial leverage. Generally speaking, does the firm have principal
and interest payment obligations exceeding its ability to pay both at the present time and
into the future (Finkler, 1992).
Debt to Equity Ratio is determined by dividing Total Liabilities by the sum of
itself and Total Fund Equity. It focuses on the protective cushion owners' equity provides
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Table 5.2 Six highest rate utilities together with factors that are expected to have significant effect on water rates
Seattle Public Utilities
Houston Public Utility Division
Columbus Division of Water
Kansas City Water Services
Department
Providence Water
East Bay Municipal Utility District
1
2
3
4
5
6
$34.47
$32.27
$30.85
$30.07
$28.71
$28.58
72.5
75.1
68.9
33.6
29.2
57.7
0.39
0.14
0.03
0.25
0.09
0.19
17.1
18.2
0.2
18.2
37.7
14.8
10.4
6.7
30.9
48.2
33.1
27.5
30.0
27.8
17.9
11.5
7.7
22.2
0.75
0.78
0.75
0.78
0.75
0.83
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for creditors. The more equity that the owners have in the firm or the less the ratio, the
greater the likelihood that the firm's asset will be great enough to protect the claim of all
the creditors.
From Table 5.2, we find that four out of them have their Debt to Equity Ratio
higher than the average value of utilities that use surface water as their source water. In
addition, Debt to Equity Ratios of the top three most expensive utilities are higher than
the average value plus standard deviation.
<SD. of the whole surface water samples = 20.6%>
Figure 5.1 Average Debt to Equity Ratio
of the Six Highest Rate Utilities and Other
Surface Water Utilities
<SD. of the whole surface water samples = 0.10>
Figure 5.2 Average Capital Effort Index
of the Six Highest Rate Utilities and Other
Surface Water Utilities
5.2.2 Capital Effort Index
Capital Effort Index is basically the ratio of Construction in Progress to Gross
Property Plant and Equipment. Capitalizable costs incurred on projects, which are not in
use or ready for use are held in Construction in Progress. When the asset is ready for use,
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related cost are transferred to Utility Plant. Utility Plant is stated at cost or, if contributed,
at fair value at the date of contribution. Costs include direct material, labor, and indirect
costs such as engineering, supervision, payroll taxes, pension benefits, and interest
relating to the financing of projects under construction. (Seattle Public Utilities, 2000)
Higher Capital Effort Index suggests greater capital effort underway. However, it
does not differentiate whether effort is development, improvement, or sustainment
(Garvin, 2001).
From Table 5.2, it appears that more than half of all the utilities have higher
Capital Effort Index than the average value. This shows that they are having many capital
improvement programs underway. The common way in raising money to support the
programs is by having high rates.
5.2.3 Percent Contributed Capital
Contributed Capital or Contribution in Aid of Construction is, by definition, any
amount of money, services, or property received by a water utility from any person or
governmental agency that is provided at no cost to the utility. It represents an addition or
transfer to the capital of the utility, and is utilized to offset the acquisition, improvement,
or construction costs of the utility's property or facilities used to provide utility services
to the customers. Contributed Capital includes amounts transferred from advances for
construction representing any unrefunded balances of expired refund contracts or
discounts resulting from termination of refund contracts. Contributions received from
governmental agencies and others for relocation of water mains or other plant facilities
are also included. (AWWA, 1986)
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In order to compare between water utilities, Contributed Capital is calculated as a
percentage of Total Assets. A higher percentage suggests that an enterprise is possibly
dependent upon external aid for capitalization.
When looking at a percentage of Contributed Capital, as in Table 5.2, we find that
five out of six utilities have a percentage of Contributed Capital lower than the average
value. From this finding, together with what we found about their high amount of debt, it
suggests that utilities that have high rates have low amounts of contribution in aid of
construction and thus, tend to rely more on leverage than utilities that have normal or low
rates. Consequently, the rate revenues must be high enough to cover the debt service as
well as replacement cost and operational expenses.
5.2.4 Percent Retained Earnings
Retained Earnings represent the portion of the income that the firm has earned
over the years that has not been distributed to the owners in the form of dividends.
However, it is usually invested in plant and equipment in order to generate larger profits
in the future.
Like Contributed Capital, Retained Earnings are common-sized by comparing
them to Total Assets. From Table 5.2, it turns out that almost all of the utilities have
Retained Earnings lower than a 0.5 percentile (34.2%). That is to say, they do not have a
lot of money retained from the past year.
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<SD. of the whole surface water samples = 13.4%> <SD. of the whole surface water samples = 17.4%>
Figure 5.3 Average %Contributed Capital Figure 5.4 Average %Retained Earnings
of the Six Highest Rate Utilities and Other of the Six Highest Rate Utilities and Other
Surface Water Utilities Surface Water Utilities
5.2.5 Percent Non-Operating Expenses
Non-Operating Expenses refer to any expenses outside of operations. Comparing
them between water utilities requires a determination of what percentage it is of the
respective Total Expenses. According to Table 5.2, half of the utilities have a higher
percent of Non-Operating Expenses than the average value, which is 18.3%. Since the
majority of Non-Operating Expenses are debt-related, such as interest expenses, these
utilities are expected to have much leverage. When looking at their Debt to Equity Ratio,
we find that all of them have numbers higher than the 0.6 percentile. This proved
consistent with our expectations.
5.2.6 Total Operating Expenses/Total Operating Revenues
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Total Operating Expenses are generally composed of Operation and Maintenance
Expenses, which relate to the source of supply, pumping, treatment and distribution,
General and Administrative, Customer Services and Depreciation and Amortization.
Total Operating Revenues are revenues generated from selling water and from other
operating sources.
The ratio of Total Operating Expenses to Total Operating Revenues indicates the
ratio of operating expenses to costs. A lower ratio indicates greater efficiency. When
considering the numbers of the six most expensive utilities, it appears that four utilities
have higher ratios than the average value (0.77), while the other two's ratios are higher
than the 0.33 percentile. This suggests that they spend more money than average in
producing water given the same amount of revenues from selling water.
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the Six Highest Rate Utilities and Other
Surface Water Utilities
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In summary, it appears that almost all of the utility samples that use surface water
as a source use filtration as one of their treatment processes. In addition, when looking at
the six highest rate utilities, we find that they share some similar characteristics. Most of
them have relatively high Debt to Equity ratios and low Contributed Capital as well as
low Retained Earnings. This suggests that they rely more on leverage and do not have
much external aid for capitalization. The high leverage creates a lot of %Non-Operating
Expenses since its majority is Interest Expenses.
Furthermore, the high Capital Index implies that water rates may also be high to
generate enough revenues to finance the in progress capital program. Also, most of the
highest rate utilities have a relatively high percentage of operating expenses to costs. If
the situation still remains unchanged, water rates are in jeopardy of going higher. Some
management initiatives to prevent this, either by trying to cut operating expenses or find
alternative funding sources, may thus be necessary.
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6. Summary
Water rates cannot be determined by any single factor or another way; there are
many factors that contribute to how water rates are established. However, the type of
water source is found to have an influence on water rates. From the samples selected for
this paper, it appears that utilities that use groundwater as a source have relatively low
rates. They do not have filtration plants that require high construction cost as well as
operation and maintenance cost. In addition, comparison of Total Operating Expenses to
Average Daily Demand between utilities tells that utilities that use groundwater use less
money in producing the same amount of water. These findings apparently impact rates
charged consumers.
Inversely, only 16% of all the candidates that use surface water have filtration
plants. When considering six highest rate utilities using surface water, some analogous
characteristics of system configuration as well as their financial health and management
performance are found. Most of them seem to rely considerably on leverage and have
limited Contributed Capital as well as low Retained Earnings compared to their Total
Assets. A large amount of liabilities also generate higher Interest Expenses, which is the
majority of Non-Operating Expenses.
Another characteristic these utilities have in common is strong capital programs.
They also have high ratio of operating expenses to operating revenues. These last two
findings create a possibility that rates might be increasing unless some kind of preventing
management initiatives are launched.
However, due to the small size of samples, which cannot be representative of
utilities in the whole nation, these conclusions are indicative only. It would be interesting
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to find out whether such characteristics still exist or whether there will be other patterns
that are not found here when more samples are taken into account. In addition, most data
are taken from the Internet. Utilities that do not provide much information on their Web
page are ignored. Also, the assumption that every household in the country uses the same
amount of water per day throughout the year with similar size of water meter has to be
kept in mind.
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